SUMMARY. Landscape plant evaluations were conducted in eight states: Colorado, Minnesota, North Carolina, Ohio, Oregon, Pennsylvania, Texas, and Vermont for 17 switchgrass (Panicum virgatum) and five little bluestem (Schizachyrium scoparium) cultivars. Additional locations in Florida (Fort Lauderdale, Fort Pierce, Quincy, and Wimauma), Nebraska (Lincoln), and Lubbock and San Marcos completed 1 or 2 years of the trials. Plants were established in 2012 and data were collected for 3 years, 2013-15. Sites were asked to compile annual data on plant height, width, flowering time, fall color, pests, foliage color determined by the Royal Horticultural Society's color chart, plant form, flowering date, floral impact, self-seeding, winter injury, landscape impact, and mortality. Texas A&M Agricultural Research and Extension Center (Overton), Florida (all four locations), and Vermont had the highest mortality rate. Southern Florida locations lost 50% of their plants by the end of 2014. Wide variation was reported for landscape impact, individual cultivar height, and width from different regions of the United States. Three of the 17 switchgrass cultivars, Cloud 9, Northwind, and Thundercloud, had a rating of 4.0 or higher averaged over six or more locations for plant form, floral, and landscape impact. 'Shenandoah' and 'Warrior' switchgrass had a rating of 4.0 or higher averaged over six or more locations for plant form and landscape impact, but not floral impact. Only one of the five little bluestem cultivars, Blue Heaven Ò rated 4.0 or higher, for plant form and landscape impact when averaged over six or more locations. This range of variability in landscape plant performance demonstrates the importance of local plant evaluations.
N ative herbaceous perennials, especially grasses, have increased in popularity in recent years due to their low maintenance requirements, ecosystem services, and pollinator benefits (Meyer, 2012; USDA, 2014) . Most native grass cultivars have been selected from wild populations, where literally, they stood out in a field or along a roadside. A few are the result of human intervention with natural out-crossing when several cultivars are deliberately grown together or progeny selected from careful hand pollination (Table 1) . In all cases, these cultivars are coming from a wide range of geographic areas and backgrounds. Most are clonally propagated, occasionally patented, and are marketed as superior forms for widespread landscape use across the United States (Table 1) .
Both switchgrass and little bluestem have large native ranges, encompassing most of the United States (USDA, 2017) . Adapted to a wide range of climates, with documented morphological variability (McMillan, 1964) it is difficult to predict the landscape performance of cultivars of these species when grown across the United States. Multistate herbaceous perennial trials are not common, especially for multiple years across diverse climatic regions of the United States. A new initiative with the Perennial Plant Association (Hilliard, OH) and AllAmerica Selections (Downers Grove, IL) is expected to fill this void in the future (Blazek, 2017b) . Herbaceous annual flower and vegetable trials have been conducted for many years by the All-America Selections organization (Blazek, 2017a) and universities within specific states: Colorado State University, Fort Collins (Klett, 2017) ; Michigan State University, East Lansing (2017); Ohio State University, Columbus (Bennett, 2017) ; Pennsylvania State University, College Park (Adam, 2017) ; Texas A&M Agricultural Research and Extension Center, Overton (Pemberton, 2017) ; and the University of Georgia, Athens (Ruter, 2017) . Botanic gardens also conduct trials and publish results for their local area Chicago Botanic Garden, Glencoe, IL (Hawke, 2013; ; Dallas Arboretum, Austin, TX (Decker, 2017) ; and Longwood Gardens, Kennett Square, PA (Taylor, 2017) . Because of the diverse origin of grasses in the trade, their wide variability in form and size, and the challenge for retailers to carry multiple cultivars, we conducted an evaluation of 17 cultivars of switchgrass and five cultivars of little bluestem (Table 1) in eight states (Table 2 ) from 2012 to 2015 to determine which cultivars would perform consistently above average for plant form, landscape, and floral impact across states and regions.
Methods and materials
Evaluation locations self-selected to participate in these trials by responding to an e-mail sent to several Participants signed an agreement that they would plant, maintain, and collect data over the 4 years of the trials. Participants were self-funded and received no compensation for their work. Most locations were already participating in some type of plant trial program and added these grasses to their field sites. All locations were given specific, identical directions (Meyer, 2017) for data collection, with each criteria defined (Table 3) . Pemberton and Roberson (2001) developed the landscape impact rating scale that was shared with all collaborators and used throughout the trials (Table 3) . We selected as many cultivars of switchgrass and little bluestem as were available in the trade and could be obtained in sufficient supply in 2012. In Spring and early Summer 2012, plants were donated as plugs and mailed to trial participants from four growers (Table 1) . Wholesale suppliers were used to assure that everyone received the same cultivar to evaluate and that all initial plants were uniform in size. Although larger plants would have assured faster establishment, availability and mailing costs dictated using plugs. Each location planted four plants of each cultivar for a total of 88 plants per location. Four plants per cultivar were recognized as a minimum number for trials, but priority was given to comparing a larger number of cultivars rather than high replication of a few cultivars. Plants were spaced 3-5 ft apart, in open, full sun, field conditions and watered and weeded as necessary to assure establishment. After establishment (from 2 to 6 weeks), supplemental water and weeding were minimal and used only where necessary to keep the plants from dying. Annual weeding Table 3 and online (Meyer, 2017) . In November of each year (2013-15), participants posted their results on the grass trials website (Meyer, 2017) usually in spreadsheet form. Cultivar results for 2013-15 for plant form, floral, and landscape impact were compared for significant differences among locations using R programming language (version 3.1.1; R Foundation for Statistical Computing, Vienna, Austria). Pairwise comparisons were conducted using Tukey's honest significant difference at a = 0.05. Plants that died were assigned a value of zero (no value) for the pairwise statistical analysis. Individual state means below a value of 1.0 (reflecting dead plants) were not used to calculate grand means for a specific cultivar.
Results
Eight locations maintained the trials over 4 years, 2012 for establishment and 2013-15, and collected annual data (Tables 3-5) . Participants in Oregon, Texas, and Vermont replanted several cultivars Floral impact: 0 = dead; 1 = no impact (no inflorescence present); 2 = 25% impact; 3 = 50% impact; 4 = 75% impact; 5 = 95% impact, very showy.
y Plant form or overall growth habit: included uniformity and lodging 0 = dead; 1 = 80% or more of the plant is prostrate; 2 = 66% of the plant is prostrate, or is lodged or is in any way nonuniform; 3 = 50% lodging or prostrate; 4 = 80% or more of the plant is upright, uniform, and very little lodging; 5 = 95% or more of the plant is upright, uniform, attractive, very ornamental, no lodging; na = no data available.
x Landscape impact: 0 = dead; 1 = very little or no ornamental value in the landscape [growth weak with poor foliage color, high rate of lodging, little flowering (if flowers should be present) and/or high rate of disease or insect damage]; 2 = below average landscape appearance and value (vigor poor with significant problems with plant habit and/or disease or insect damage); 3 = average landscape appearance and value (vigor good, but with some problems with plant habit, and/or disease or insect damage); 4 = above average landscape appearance and value with only minor problems with plant growth habit and disease or insect damage; 5 = outstanding landscape appearance and value [good vigor, foliage color, and flowering (if flowers should be present), with little or no disease or insect damage] (adapted from Pemberton and Roberson, 2001 ); na = no data available.
w Means followed by different letters within the same column are significantly different using Tukey's least significant different test at
Individual state means below one (indicating dead plants) were not used to calculate grand means.
• October 2017 27 (5) with replacement plugs in 2012 or early 2013 because of transplant mortality. Not all locations had all four replications of each of the 22 cultivars over 4 years (Table 5 and Meyer, 2017 (Ripak et al., 2014) and are not included in this article. Complete results by location and year can be found online (Meyer, 2017) .
BEST PERFORMANCE FOR TWO OR MORE TRAITS. Three switchgrass cultivars: Cloud 9, Northwind, and Thundercloud rated 4.0 (5.0 scale) or higher from six or more locations for landscape impact, plant form, and floral impact. 'Shenandoah', 'Ruby Ribbons' Ò , and 'Warrior' rated 4.0 or higher for above average means from six or more locations for plant form and landscape impact; however, only four locations had surviving 'Ruby Ribbons' Ò by 2015 (Table 4) . Only 'Blue Heaven' Ò little bluestem was ranked 4.0 or higher for above average landscape impact and plant form at six or more locations (Table 3) .
'Dewey Blue' bitter beachgrass (Panicum amarum) was rated the most consistent by collaborators with no significant difference at six or more locations for floral impact, plant form, or landscape impact with mean ratings of 3.8, 3.3, and 3.1, respectively (Table 4) .
LANDSCAPE IMPACT. Switchgrass cultivars Cloud 9, Northwind, Shenandoah, Thundercloud, and Warrior ranked 4.0 or higher for overall means from six locations for landscape impact (Table 4) . 'Dallas Blues', 'Dust Devil', 'Heavy Metal', 'Rehbraun', and 'Rotstrahlbusch' had overall mean ratings of 3.5-3.9 for this trait. 'Hot Rod' (2.4) and 'Prairie Sky' (2.8) rated below 3.0 (average) for overall means from five and six locations, respectively, for landscape impact. 'Cheyenne Sky' (3.4) and 'Ruby Ribbons' Ò (4.0) had the most switchgrass mortality with only six locations reporting for these two cultivars by the end of the trial.
'Blue Heaven' Ò had the highest overall mean of the little bluestem cultivars for landscape impact at 4.2. 'The Blues' rated 3.7, and 'Jazz' (2.9) was evaluated as just below average performance for this trait (Table 3) .
PLANT FORM. Eleven switchgrass cultivars had mean ratings above average at 4.0 or higher for plant form: Badlands (4.1), Cloud Nine (4.3), Dallas Blues (4.1), Heavy Metal (4.3), Northwind (4.6), Rehbraun (4.2), Rotstrahlbusch (4.2), Ruby Ribbons Ò (4.0), Shenandoah (4.6), Thundercloud (4.6), and Warrior (4.0) ( Table 4 ). Lodging or falling over was measured as part of plant form and accounts for 'Prairie Sky's rating of 1.0 (80% or more of the plant is prostrate), 1.6, and 1.8 in Minnesota, NC, and Pennsylvania, respectively. One location ranked 'Prairie Sky' as superior for plant form [Oregon (5.0)] and two rated it 80% upright [Colorado (4.2) and Ohio (4.3)]. 'Blue Heaven' Ò was the highest rated little bluestem for plant form (4.5). Other little bluestem were ranked very closely at 3.3-3.9 for plant form (Table 3) .
Statistically, plant form ratings were the most consistent with 'Badlands', 'Cheyenne Sky', 'Dallas Blues', 'Dewey Blue' (bitter beachgrass), 'Dust Devil', 'Northwind', 'Rotstrahlbusch', 'Shenandoah', 'Thundercloud' switchgrass, and 'Blue Heaven' Ò little bluestem all showing above average means with no significant difference among locations (Tables 3 and 4) .
FLORAL IMPACT. Three switchgrass cultivars rated 4.0 or higher for floral impact across eight states: 'Cloud Nine' (4.1), 'Northwind' (4.1), and 'Thundercloud' (4.4). 'Cloud 9' and 'Thundercloud' have large panicles; 'Northwind' flowers are borne amidst the leaf blades. 'Dallas Blues', 'Dewey Blue' (bitter beachgrass), 'Heavy Metal', 'Rehbraun', 'Rotstrahlbusch', 'Shenandoah', and 'Warrior' had floral impact ratings of 3.6-3.8. 'Badlands', 'Hot Rod', and 'Ruby Ribbons' Ò had ratings lower than 3.0 for floral impact. Jazz little bluestem rated 2.5 for mean floral impact while the remaining four little bluestem cultivars were similar with 3.1-3.3 floral impact ratings.
HEIGHT AND WIDTH. Cultivars varied greatly across the United States when measured for height and width (Table 5 ). 'Thundercloud' was the tallest and widest plant when averaged overall locations; while 'Hot Rod' was the shortest and narrowest (Table 5 ). 'Carousel' and 'Jazz' little bluestem were more than 30 cm shorter than the other three little bluestem cultivars. Averaging height and width over the eight locations may mask the actual height one could expect for their region or state; therefore, the average height and width measurements by trial location are listed in Table 5 , along with the number of plants surviving at each location. 'Prairie Blues' little bluestem is seed propagated and this could account for this plant's variability and low performance. While genetic diversity can be an asset, in landscape performance, not knowing how a plant will perform can be a liability.
Within a specific cultivar, the largest plants were not necessarily found in the warmest states with the longest growing season. For example, plants grown at Longwood Gardens, near Philadelphia, PA, had the tallest measurements for seven switchgrass ('Badlands', 'Dallas Blues', 'Dust Devil', 'Northwind', 'Prairie Fire', 'Shenandoah', and 'Warrior') and one little bluestem ('Prairie Blues'). Texas participants reported four of the shortest switchgrass size measurements for 'Hot Rod', 'Prairie Sky', 'Rotstrahlbusch', and 'Shenandoah'. The Oregon site had three of the shortest little bluestem records: 'Carousel', 'Jazz', and 'The Blues'. Little bluestem is not native to Oregon (USDA, 2017) . It is interesting to compare plant size (Table 5 ) to origin of these cultivars (Table 1) . In this trial, however, cultivars were not necessarily the largest when grown near their origin.
In addition to floral impact, flowering time or months of floral interest were recorded by five locations: Floral impact: 0 = dead; 1 = no impact (no inflorescence present); 2 = 25% impact; 3 = 50% impact; 4 = 75% impact; 5 = 95% impact, very showy. y Plant form or overall growth habit: included uniformity and lodging 0 = dead; 1 = 80% or more of the plant is prostrate; 2 = 66% of the plant is prostrate, or is lodged or is in any way nonuniform; 3 = 50% lodging or prostrate; 4 = 80% or more of the plant is upright, uniform, very little lodging; 5 = 95% or more of the plant is upright, uniform, attractive, very ornamental, no lodging; na = no data available.
• October 2017 27 (5) Colorado, Pennsylvania, Minnesota, Ohio, and Oregon and is reported elsewhere (Meyer, 2017) . As one would expect, flowering was earliest in southern locations with North Carolina's data showing flowering about one month before Minnesota's data.
Fall color was noted at most locations as yellow, beige, and bronze, etc. North Carolina and Vermont locations used 1-5 ratings, with 'Blue Heaven' Ò rating a 5.0 at both locations (data not shown). 'Dallas Blues', 'Northwind', and 'The Blues' also rated a 5.0 for fall color at North Carolina. Oregon recorded fall foliage color using the RHS color chart (RHS, 2007) and other locations reported fall color for 1 year only.
Summer foliage color based on the RHS color chart (RHS, 2007) was recorded by Ohio and Minnesota over 3 years and Pennsylvania for 2013 (data not shown). Other locations reported summer foliage color in descriptive words: blue green, green, and maroon (Meyer, 2017) . It was hoped that these trials would ascertain the amount of red summer foliage color especially in newer switchgrass cultivars, however, that did not happen. Not all collaborators were able to purchase the color chart and it proved challenging to match given the 920 colors in the chart.
Five of the eight trial sites reported on pests: Ohio, Oregon, Pennsylvania, Texas, and Minnesota all reported no pests for all cultivars and gave a 5.0 or excellent rating with plants in good health with no visible pest damage.
Participants in Minnesota reported self-seeding as 5.0 (no seedlings) for 'Jazz', and 3.0 (some seedlings) for 'Carousel', 'Blue Heaven' Ò , 'Prairie Blues', and 'The Blues'. Texas A&M Agricultural Research and Extension Center participants reported 4 (very few seedlings) for 'Carousel' selfseeding and 5.0 for all other little bluestem cultivars. Pennsylvania, Ohio, and Oregon locations reported 5.0 for all little bluestem cultivars. In switchgrass, Pennsylvania collaborators rated only 'Cloud Nine' 1.0 with many seedlings near the plant; Minnesota rated only 'Prairie Sky' 1.0; Ohio rated 'Cloud Nine', 'Dallas Blues', 'Dewey Blue' (bitter beachgrass), 'Prairie Sky', and 'Thundercloud' all 1.0 with many seedlings; Texas did not rate any switchgrass as (Meyer, 2017) . Vermont reported the highest winter injury, with all but five cultivars of switchgrass: 'Dewey Blue' (bitter beachgrass), 'Northwind', 'Prairie Sky', 'Shenandoah', and 'Thundercloud', and 'Blue Heaven' Ò little bluestem showing some death in Vermont. Oregon reported three of four 'Cloud Nine' died from winter injury, two each of 'Heavy Metal', and one each of 'Hot Rod', 'Prairie Fire', 'Shenandoah', 'Blue Heaven' Ò , 'Carousel', and 'Jazz'. Minnesota reported minor winter injury on 'Northwind'; one plant died of 'Jazz'; and 50% loss (2 of 4) for 'Dallas Blues'.
Trial collaborators reported mortality or plant survival not related to winter injury. Florida's four locations had high mortality by 2014 from north to south: 3.9, 3.5, 2.2, and 1.4, respectively (where 3 = 50% dead). Florida locations could only complete 2 years of this trial (Ripak et al., 2014) . Texas participants reported 24 plants or 27% dead over the 4 years of the project, increasing as the trial continued. Other mortality is reported in Table 5 .
Discussion
Maintaining perennial plant trials and collecting data over several years is a challenging project to accomplish at multiple locations across the United States. Dedication by collaborators is extremely important, especially their willingness to collect data with little or no financial support. We found wide variation in plant size, form, and landscape impact among locations for the 22 cultivars in this trial. In this report, origin did not predict size or vigor. Historic work of both species (Anderson and Aldous, 1938; McMillan, 1959 McMillan, , 1964 revealed phenotypic variation of ecotypes relating to latitude, daylength, and seasonal temperature variation. Springer (2012) found variation for morphological traits such as canopy morphology, height and width of canopy, and leafiness of the culm. Harris-Shultz et al. (2015) evaluated the same little bluestem cultivars as in our study and found genetic similarity of 86% based on microsatellite markers, even though selections showed a high degree of morphological variation.
Three of the 17 switchgrass cultivars, Cloud 9, Northwind, and Thundercloud, received final average ratings of 4.0 or higher (5.0 scale) for plant form, floral, and landscape impact from trials in a minimum of six states. Only one of the five little bluestem cultivars, Blue Heaven Ò , was rated above average, 4.0 or higher for plant form and landscape impact. Although both species were C4 grasses (plants that have developed an additional pathway to capture carbon dioxide), plants grown in Texas and Florida appeared to have higher mortality, perhaps due to depleted food reserves with increased respiration combined with a shorter or insufficient dormancy.
Results by specific location or state for the highest-ranking cultivars may be the most helpful for consumers, retailers, and growers (Tables 3 and 4 ). Growers and gardeners need reliable information on plant performance for their region. Although only a few cultivars performed with consistently high ratings across multiple locations in this trial, these results show the importance of regional trials to ascertain plant performance. It is hoped that this work will benefit landscape architects, designers, growers, garden centers, and gardeners in recommending and using these native grasses.
